A. Jean Ayres
M idline crossing, that is, the ability to use one hand in the contralateral side of space, has been described in terms of the development of body scheme, spatial orientation,laterality, directionality, and bilateral integration (1) (2) (3) (4) . It has also been stated that the development of the ability to guide the hand to targets in front of the midline is an important step in the emergence of bilateral coordination and complementarity; that is, the ability to manipulate objects with both hands together. The ability to reach across the midline expands the child's capabilities in that it enables the child to grasp objects in contralateral space, even when the ipsilateral hand is occupied (5). Ayres(6) has emphasized the impor-tance of crossing the midline for the development of hand preference for skilled manipulation.
A tendency to avoid crossing the body midline has been observed in a number of different clinical populations (7, 8) including children with learning disabilities (l. 3, 9). To document this clinical observation more fully, Ayres (10) developed the Crossing the Midline test of the Southern California Sensory Integration Tests. The test has been found to successfully identify children wi th madera te to severe d ysfunction in midline crossing. However, Ayres (6) noted that children with mild dysfunction who tended to avoid crossing the midline spontaneously, did cross when faced with the necessity-as in the testing situation where the actual task was to imitate a crossed response. Thus, another measure was developed to observe midline crossing in spontaneous situations. The second method involved observing whether or not the child used the ipsilateral or contralateral hand to select forms during the Space Visualization Test of the Southern California Sensory Integration Tests (SCSIT). The measure, called the Space Visualization Contralateral Use score (SVCU), is the ratio between ipsilateral responses and contralateral responses subtracted from 30 (6).
Since 1976, therapists have been using the SVCU to assess the child's hand usage and ability to cross the midline. Original guidelines were based on performance of learningdisabled children (6), and were modified by Cermak, Quintero, and Cohen (II) based on the data from 150 normal ch ildren, ages 4 to 8 years. A preliminary reinterpretation of the SVCU as a function of age was suggested. These guidelines were based on normal children and needed to be validated with a learn- ing-disabled sample. The purpose of the present research was to evaluate whether using these guidelines did discrim inate bet ween normal children and children with learning disabilities.
Method
Subjects. The normal subjects consis ted of 120 ch ildren, half rna Ie and half female. There were 30 children in each of four age groups: 5, 6, 7, 8. Eighty to 90 percent of the children in each group preferred the right hand for writing or drawing. The sample is described more fully in an article by Cermak, et al.
The learning-disabled (LD) subjects included 179 children, ages 5 through 8 years. A heterogeneous sample of LD children was obtained from three sources. Data forapproximately 30 percent of the subjects were gathered by Ayres (6); approximately 15 percent of the data were gathered by Stilwell (9); the remainder were gathered by Cermak and colleagues. All children were identified by school personnel as being of normal intelligence (lQ 2': 85) and of having no history of hard neurological signs, orthopedic problems, or primary emotional disturbances. The older LD children (viz, older 6,7, and 8 year aids) were diagnosed as learning disabled through the use of school diagnostic procedures (test measures i ncl uded the Pea body Individual Achievement Tests, Wide Range Achievement Test, Carrow Test of Receptive and Expressive Language, Illinois Test for Psycholinguistic Abilities, etc.), and were receiving learning-disability services at the time of data collection. The younger LD children (5 year aids and younger 6 year aids) had either been diagnosed as learning disabled through the use of psychological testing and were attending special preschool or kindergarten classes for children with learning disabilities, or they were performing significantly more poorly than their peers in their classrooms, were considered "at risk" for learning disabilities by their classroom teachers, and had been referred for evaluation of their learning disabilities.
Writing Hand Sex
Some subjects had identified sensory integra tion dysfunction. Of these, some were recei vi ng sensory integration procedures, whereas others had just been diagnosed and were therefore not recei ving sensory integration procedures. Data on the degree and type of sensory integrative dysfunction were not available for the majority of these subjects. The numbers, age, writing hand, and sex distribution of the learningdisabled subjects are presented in Table I .
There was an unequal number of subjects at each age with fewest subjects at the 5-year-old level, probably because a learning disability is not usually diagnosed until children are of school age. Because of the unequal number of subjects in each age group, data are presented tn percentages.
When examining Writing Hand, there was no significant difference between age groups in the percentage of right when compared to left handers, Chi Square (df 3) = 6.20.
There were certain handedness and sex distribution differences between the normal control and learningdisabled samples, since, for the normal controls, an equal number of boys and girls were recruited, whereas all possible learningdisabled children were tested. Generally, there was a higher percentage of left handers in the learningdisabled sample when compared to the children in the normal sample. Also, there were more boys than girls: approximately 2 to 4 boys per girl. These sample characteristics are consistent with the characteristics of the learning-disabled population (12). There was no significant difference between age groups in the percentage of boys compared to girls, Chi Square (df 3) =6.45.
Procedure. The children were individually administered the Space Visualization Test of the SCSIT according to the standardized procedure (10). During the test, the exa miner recorded which hand the child used to select each choice. The number of ipsilateral responses and the number of contralateral re- sponses were recorded by noting agreement between the hand used and the side on which a chosen block lay. If both hands were used to pick up the block, the response was not included in the scoring. The SVCU score was computed according to the standardized method (6). In addition, each child's score was categorized as being in the possible deficit range, suspect range, or normal range, using the guidelines suggested by Cermak, et al. (I I).
Results
Because the data for the learningdisabled children were gathered from three separate sources, the SVCU scores of the three sources were analyzed to determine whether performance across the three learning-disabled sources was equivalent. Table 2 presents a comparison of the mean, standard deviation, and range of the SVCU scores for the normal and learning-disabled children at each age. A 2 (group) X 4 (age) analysis of variance revealed a significant group effect, F( I ,291) = 24.84, P < .001, with learning-disabled children scoring lower than normal controls, and a significant age effect, F(3,291) =9.730, P < .001, with younger children scoring lower than older children. There was also a group by age interaction, F(3,291) = 3.78, P < .05. Multiple comparisons revealed a significant betweengroup difference, with learning-disabled subjects scoring more poorly than the normal subjects at ages 5 (F 8.03, p < .001), 6(F = 3.92, P < .001), and 8 (F =2.76, P < .01), but not at age 7 (F = 1.53, P = .21). In order to analyze whether there was a significant difference between learning-disabled and normal subjects according to the suggested reinterpretation of the SVCU score, Chi Square analyses were performed on the number of children scoring within each of the three categories. Different "cu t-offs," as suggested by Cermak, et al. (11) (see Table 3 ), were used for the different age groups. Results are presented in Table 4 and indicate that there was a significant difference between the normal and LD groups at age 5 [Chi Square (df 2) = 15.097, P < .001], at age 6 [Chi Square (df 2) =7.322, P < .05J, and at age 7 [Chi Square (df 2) = 7.374, P < .05J. The difference between groups was not significant for the 8 year olds [Chi Sq uare (df 2) =2.271].
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Discussion
Between-group analyses of the SVCU data, using raw SVCU scores and SVCU categories, yielded somewhat different findings. Both measures discriminated between groups at ages 5 and 6. Using the raw SVCU score, there was a significant difference between groups at age 8 but not at age 7. Analyses using the SVCU categories yielded a significant difference between groups at age 7 but not at age 8. Overall, it seems as though the measures clearly differentiate between groups at the younger ages, although the difference is not clear cut for the older age groups.
When using the SVCU categories, it appears that the suggested reinterpretation of the SVCU score discriminates between normal and learning-disabled children at the 5-, 6-, and 7-year-old ages, but does not discriminate between groups at age 8. Although, in the 8-year-old group, twice as many learningdisabled children scored in the deficit range than did the normal children (Table 4) , the majority of LD children still scored within the normal range.
Since crossing the midline is a developmental skill, perhaps by age 8 many learning-disabled children have sufficiently matured so that the deficit may not be evident. Support for this hypothesis can be seen in Table 4 where the percentage of learning-disabled children in the Possible Deficit category progressi vel y decreases with increasing age. Another possi bi Ii ty is tha t some of the learning-disabled children may have received perceptual motor or sensory integrative procedures before the time of this testing and thus had improved in their ability to cross the midline. If this is so, it is more likely that the older children would have had therapy than the younger children. It is also possible that the 8-year-old learningdisabled children may not have been as severe a learning-disabled group as the younger children. For this reason, they may not have been identified and tested until they were older.
An alternative explanation concerns the sensitivity of the SVCU measure in differentiating children with mild impairments. In the Space Visualization Test, the child has only to cross the midline slightly in order to choose the block in the opposite side of space. If there is a trend in crossing the midline (as there is in the child's drawing of a cross), such that, initially, each hand works on its own side of space without crossing, then the hand comes to midline, then crosses slightly, and finally crosses completely, it is possible that different placement of the blocks (or a test that demands further crossing) would yield different results. It may be that more stringent cri teria are needed to detect deficits in midline crossing at the older ages. The possiblity that some children may use lateral trunk flexion and thus select a "contralateral" block without ever having crossed the midline must also be considered.
A limitation of the study that might affect the generalizability of the resul ts and confound interpretation is the heterogeneous na ture of the sample of learning-disabled subjects. The data for the learningdisa bled children vvere ga thered from three separate sources and, although the legal definition of a diagnosed learning disability (or at risk for learning disability) was a criterion in all instances, there still may have been a variance created within the learning-disabled sample by possibly discrepant interpretive criteria. Although inspection of the sam pIe characteristics and scores among the three samples (e.g., scores as they related to age) did not reveal any notable differences, nevertheless, there was a lack of a prIOrI operational detail for subject selection.
focus might be quite different depending on whether the midline crossing deficit interfered with the development of a skilled hand, or whether what appeared to be a crossing deficit was primarily caused by a lack of established hand preference.
